d9) B*m&ftif (j p) 



(12) 



mm002- 176050 

(P 2 0 0 2 - 1 7 6 0 5 0 A) 
(43)^110 ¥i£14¥6M21B (2002. 6. 21) 



(51) Int. CI. 

H01L 21/316 
21/31 



F I 

H01L 21/316 
21/31 



T-11-V (##) 
A 5F045 
A 5F058 



mmm mm mMmo&s ol (t9i) 





#1^2000-369493 (P 2000-369493) 


(71)aJ§iA 


000002174 










(22) mma 


¥f£12*P12£ 5 B (2000. 12. 5) 




ARH?AETtj^EB^2TS 4 #4^ 
















AEJftHASBA^Bmaj 2 - 1 fliTMfc^ 














(74) RW A 


100106596 














F^-A(##) 5F045 AA20 AB32 AC11 AC15 AC16 








AC 17 AD06 AD07 AD08 AE29 








AF03 DP23 DQ16 EE 14 EH05 








EH12 EH13 EH18 EH20 








5F058 BC02 BF54 BF73 BG02 BG04 








BJ01 



(54) mw(o%,m MitmmmtDMa&jjiikRzsJtcDgiW 



(57) imm 

(DMR & w 3 £ t \z & <o m z n-s -7 ^ XV £ -> u 




( 2 ) 

1 

* co«# £ fiPJDT 5 £ £ fd J: o f# 6 n-s x 7 XT & -> u 

co^^amffiSPfiKTS^ffi. 10 

0. 5~2 5 0 kV/cmt*5it£#iW5»* 

[it** 4] /WXttOifclM*. ffl«»*«0. 5-1 
OOkHz, /Wxmi&l&Wlib* l~1 0 0 0 /is 

z\ zm-xm i ~ 3 »^-rn#> i ^tciefKro 

5 ] < th-jsmmmzmwrnrnfow 
mmztifz-ttmifamMt, mm-ttvutfa^mnniz 20 
&mx-x*M\Tz>mm. tmmm\z/-\)i7.&<»mw* 

[§#** 6 ] 7° 7 XV * ~> U a > <7 x - A KflEtt $ 1* 

A (C < cfc -5 t~ $ m H 5 ' <h <h T 5 
W*5I 5 JcflE«<OB6'fKaSRBI<OJI?^c*Bo 30 

u a > ^ x —a trifi]^ o t m < =fc o ic tt £ nt ^-5 d t 
t-r am** 5 x« 6 c:e*<aKfl:i£*K<z>?gj£ 

mwo>umts.wm} 40 

[0 0 0 1] 

±0 v'jn>^x-A«ffl*K'ft:b, K{ka*it$-><j 
a. 

[0 0 0 2] 

M. V-XffilHH*. KU"f>«»*. y-xti, Fix 

-r>*ffi. A°->^--> 3 >Bi «$*»&&ot^ so 
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-5c ''T\ SMibTte, tf^XSSXte^x— A* 

AMft'&w^s&o, a^-->3 >K«^trnmn 

0. ->'j3>ii:lTlt S iWai, a-SilR 
^a-Sit'P. B. As, Gef4 H— bi>i/VftU 

[0 0 0 3 ] #i(f#:*^<Z)»i6tt, ^nb»±IB«^^ 

tx.s. mz. vl s 1 Hitiec^ttssuaa^n-t 

Xtt. ±fc7r-*^**J£<fflti&tiT*0, Mil 

t^itAS, VL S I ©«ig©liCj&T*5£STV*fon 
[0 0 0 4] ,^5aa»i^0jiLI'J;-pT 

mzi&m\^ tez^KTif. -€-<D«to!i— a»^«^<o 

[0005] Sffi, K-^;KSia{k»iW#<h/ioT^-5 
XDtXtt. U nxz^tXP-feXTifc-S. 

^*<o 1 0 0 ox;mm.<DmMit\zft£>z&ufc&ffl£v 

Tte, PECVDS, XAy^ffi, i£Jf±f£ffl&& if^Pl 
[0 0 0 6] 

IE*., ^^sg^coK^ig(;^tt-g>-> l Jn>^x-A 

[0 0 0 7] 

fe«!««I*MT!f5«EX7Xvft$ffltiSitl; 
•^x-A«fflC}g|«-C^*rtS:J i ffiL, 
[0 0 0 8] T&:b-£.. *f8BJC0m 1 W^ajtt, ?c^£E 
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L\z£<0 t# bflS X^Xv-Srv- U 3 >^x-At;:tgtt£ 
T&So 

[0 0 0 9] *3gBJcDg§2cDfgBJl«. j^m^W^ 

•So 

[ooio] *fgHj(D|g3rafgBj«, ajI/x^cd 

lOO^sHT. IMS^O. 5~250kV/cm 
T&S Z t^lttiS 1 Xtt 2 <0589H;:E*<D»fl; 

[0 0 11] *3gBJ5CQg5 4CDfgBJ§«. AJl/XttW 

«»»*io. 5~ioo kHz. A)ixmmm 

RSW 1 ~ 1 0 0 0 u s Ta&§^t^#fStTSll~3 

[0 0 12] 3-&, *^BJ0D^5CD^BJ«. '>ft<ife 
— *<OS*|Sl®»'H«:SI««£**aft«^nfc— S*60*tl6l«S 20 
t. ^f£-#cO#|Pn1MPBlt~ffiS#X£i»ATS««. 

iMCct o & 6 ns 7° v XV « -> u 3 > x -Afc«« $ 

t2>Ii^iAT^5 C <h S -> U 3 >r?x- 

[0 0 13] 3*fc, #*"JI§<B£6©5S9§tt, ^7XVS 

77 XV £ -> >J 3 > x - A o < <fc O \Ztz 

3*1T^S 'i^#Itt§l5 CDfSBj|cf2«Og?{b^ 30 

[0 0 14] Sfe. #5S9J©S&7<D5B9itt, X^Xv£ 
XPX:^£ti L □ 7 ^*tt5B#SISt#*I iT^lilt 
^< J: 3 fc&£ftT<^£> Z £ Z&mtT&'m 5 Xte 6 O 

[0015] Sfc, *^nro»8roiwit 

^rti^cD^Hj caB*oogii<h -> u 3 >^ x- A*ftjai«i 

[0016] 

*mfcm^m<D>'*)n>'yx.—/\mm\zmkJ£mm*M 

L-. ^tsmffiWicA;i/X^(0«l?.*Biin-rs d 

o . ft 6 ns f£;tf x » 7° 5 Xv $ v- u 3 x —a fri* 

UmT'SbZo £TF. *5gBj^f¥S0I(c|«BjT«>o 50 
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[0 0 1 7] ±f3^mEEjfi^C0J±7jTi(i, 1. 33 3 
X 1 0 " -1 0. 6 6 4X 1 0" Pa ©EEflT^JTr. 
"flrfc. BE^PISE**Sa-C. SBA«Ifil:a5 9. 3 3 
1X10" -1 0. 397X10" Pa OKBAWiU 

[0018] *«^©»{ba*i«©»«i'^tt*ffla^ 
£fg££-a-s#x£fflv>s„ »ftg(e^»#-ra7^* 

ATS <h. «KgHfctClf (C#3>re&So 
[0 0 19] *%BJ(755{l3a^Xti. i!Sil£4f£*l%JW 

<. till: J: 0 SliSo^vXvSSlt $ c 

^^mastf s^aspjiigt&So **A*4#a9<; 

ffiTT&e<Df&fR;tfX£ffl^S<hJ:^o 
[0 0 2 0] ±IS#«?^Xi:bTtt, T;Un*>. 
>. *-fe/>. ^U^A. gat. Ifcit^^i 

So ) ^^ffl^s-ir^T^-. rne.tt*aTfe2aeji 

[0 0 2 1 ] Aa/xjfi^CD)x^TiC4D^Ttt. ^ 

BTtlT$>So 

[0 0 2 2] ±fBlitbT(i, m. T)V^-01±m<D 

frt>zzz>*><Dwmif<btiz>o nm<Dw^hi,x\t. m\z 
Pfijt^nfci^a*. mm--m^\z^r-ci&m,(D%^ 

[0 0 2 3] B§-^jfiJM^-e«. Rj§)»[^R« 

^T'^So fi^tt'>7^< tfe¥fS2 OmmHIAWSL 
H^Sim^cO^m^JCfcJc-S^. -^njy,TcDft*-t? 
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[0 0 2 4] :/^Xv£%££-£Sm»3:, - 

bftf i:t«H±*«»»iftts«ffia«*s t , 

[0 0 2 6] ±EBMt#«))»Ka, y-h*Tfe7 
-r;^AJKTfcct<. JP^O. 0 1 -4mmT*5:<!: 

£**TS£ 0 20 
[0 0 2 7 ] l#Bi#©»»tl/Ttt, #U 

[0 0 2 8 ] H#»«#tt. tfcK«***2£l± 

7Moxfi/x #^x, 4*»fb«l»**frf*c:t 30 

WTtt&^*«, 1 8, 5 0 Ogg^feCO 

;U^-^A5 0-9 5MXT«£Sftfc*K»{t*ft 

Bt*>£&0, f(OSi(DllWl 0- 1 0 0 0 MmT* 
Sfc<0*Jfl^*z: <h***f Sl^o 40 

[0029] ±%mmm<Dmm\^ m#&n#<Dm2* 
TiBfiiftjeana**, 1-5 ommT*se:t*Wii 

[0 0 3 0 ] *58WO/1JUX«*fc^t^TK9iTSo EI 
l ^/i;i/X«EEJS»co«**-r 0 iS^ (a) , (b) « 
-f>A;ux^, fcffi* (c) te/wxsu (d) tt* 
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[0 0 3 1 ] ±E/1^X**<75S£%±**ORrX/XttSc 

»l/l:<<&5. SC"6±*«0«rlBRtfA%T»*0 
<fTt>n**^ 4 0 n s 5fcm<D\L%±.tf'0m&(Dn)V7s 
KtJ50ns-5/ist^§o ^CW54^ 

[0 0 3 2 ] /^)UXn^(DiL^>T^Dm?S^MM 

•e*4^t*«#iL<, a^i^ownatHStoi o o 
Ho 

[o o 3 3] ±Mn)V7,m^-(om^mL o. 5-2 

5 0kV/cmt&5i3lltW!ifil/K 
S**0. 5 k V / c m*it*§ t ffliCBtfBW^^i 0 
T£\ 2 5 0 k V / c mSaiS 1 7-?«t**84 b 

[0 0 3 4] ±E/^UXm^CD^i^Sc^, 0. 5-10 
OkHzT^ItW^LK 0. 5kHz*i»T* 

* <t x ^ x v ^^{a \i *fz £>mw iC Wf m ** **>DT £\ 

1 0 0 kHz£^A3£7-^m^£b^T<& 
So «tt)ff$Klt 1-lOOkHzTSD, CCD J; 

[0 0 3 5] ±fB/l;l/X«^.{3*5WSt><hO<0^ 
;UX«^P#Fp1^, 1 — 1 0 0 0 ms T£>£ d <hri*ff 3= L 
H D 1 m s*j«T*Stift«*«5p5fe3£&fc©t&0, 1 
0 0 0 ms *jaA.S<fcT-i7iSa«Jr»fTL^T<?&:S«> 
ctOJff*b<tt, 3-2 0 0 msT£>So ^uT\ 

r> fc ^ co / S ; 1/ x <d B T 5 O N P# FbI^ a -5 0 
[0 0 3 6] *9&m<Dnm#tt\t* yU3>^x-AT 

\t. y'J 3>^x-y\fiH^2 0 0-4 0 0°CCt4u 
hfiW&ls<, ctD)ffSL<«2 0 0-3 0 01CT* 

So 
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[0 0 3 7] 77X7S:yU 3>^x— /M:S«l$t5 
fStbTll Wfctf. (1) *tlfilTS«SI«lT56*-r 

T, ->U 3>^x-Al;:X7Xv<£|g«ia-tt57j?ic, & 
(2) »|6lt5SIFlTMSti-fc7'7Xv4ft«S 
WW^M'fiEBanfcv'J 3>^x-At3[6]^oT*< «t 

[0 0 3 8] _kfB ( 1 ) CD ft#:W*a<h HftJfl 

E«U X5Xv£ftMai±?>7j»£T&-3T\ 

37jS;. ->U3f7iA4^ffStlim -7jCD«g 
iC^^ffi L P / XJU£#T 5£S§JRH*MS«ft:SI!iW\ 

|gy X;u^bX7Xv*(t!i©«fii±t;iBBbfc->u a > 

[0 0 3 9] ±12 (2) ©ftfcWTjfcfctbTtt. 

itfcffl^S &43. y X;W5fcSB©*tHW:. 

[0 0 4 0] dtlSco + Tfe. ^^tBLP/XM 
Xv £ -> U n > <i? x— a K nfc£ £7j J£ te> ->U3> 

x— /\wmfe&&m x 5 xv &m \z a 6 a <r t*» 

4>£t<> x>J 3>f7x— A^ScDgWiT^S^ffCCO*- 

('X5Xv«^co^fx^3I^\ KffcjasiMBangricfcfTS 
[0 0 4 1 ] *»H«07 p 7Xv«iat«J;SII<bajR«ro 

[0 0 4 2] *7t, ->U=I>>>x— A^>«{t«t***a + 

^, Z\<Dtz#>\Z. ±iBX5Xv£r>U AtrS 
«S-&TMflsa*BI*^«-raS«fclnAT. X5Xv 
t->'J a>^x— Atco«««ja«*^ffitt^x»iB 

[0 0 4 3] *fgHJEC*5^T. ^XVtyiJn^x 
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[0 0 4 4] ->U3>^x-A*«jS|-rS#a<t 
1/1(1 «ei*^>^T> *2lP#y hSSro»SI*Sffl^ 

[0 0 4 5] ±f2^ffit!fe;tfX{C±3;tfX#-^>lIfit£ 
bill 7°7 XV y<y x— A <h CDtgMgKifi^CO 

3#x#-^>««£wts~ tc±o. x^xvtv 

U 3 > r? x - A £ COfgM^ i5# * Tffitt # X » fflM \Z « 
10 [0 0 4 6] HT^^IKOT&ffi&^SHS^WfciJlW 

£^f£tt#x#co#HMlcffi:p=gBT&oT, KSMgC 

n m i c h # x * - -f- > « « s k m. l & ^ is 14 # x « © -> 

r "7 — $1 16 * ft SP b fz S fi * ffl ^ T X ^ X v * -> U n > 
>7 x -A f~ ak&tftf -5 il £ -> U 3 > -7 x -A©*2t« 

ltt«g» 2H*H»J«ffi, 3«[*HB'MS. 4te@#:ff§^ 

20 5WxttaibP, 6itmmmnnyx)v^mt 
«. i lwawMMMfxiw. i 2\ttfg&jix*$<Dm\ 

>-i7x-/\> 4 1(±^A^^h. 4 2 USaSgB'-UU K 

4 3 «*etts^^ h stn^nst, 
[0047] jaia^xtt. efe#^W7jipji'^ 

XiAP 7^bffi«COH#:|5|«#:^|gF , qtC«Aatl. IS 

««#e»rt«fcEfiStifci*iffil«« 3 }i<nmzrt)V7, 
30 tti#*EPMl>;<!:tJ:oT77 7"v^XiLTi*t 
ffiLP 5^6^ffian, rtJ^Sf^XfS 1 0^63EC 
K5l0JKan^>» -7j, v"J3>7x-/M4I1 fi«0 

tt*8A^;u h 4 i j; o sum, ^icmaaB^;u h 4 2 
I'^ortsMan^fx^^aiL-p^bcox^xv^x^px 

an& 0 sfc, ^?stt^x#<D«AP 

40 n^^ttiatl, ^fX*-7 : ->cot§iiJ^bTi>U P>-j7x- 

a 1 4<r>nw%ttm*£i]xmv>&w%\z$k-D* 5F«ft 

[0 0 4 8] ffifSlIR/Xi^ffl^, i3 

XA-x>«»IIi07 f 7Xvtyij3>>7x-A(!:» 
tiM«B3ff «S ^^Fffitt*' X #C03? IBM K«o SIT & o 

50 t, »sstt«»raHtc^x*»«i#i*#u. ae>icis^ 
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xti, i nzftmrnxxwi, 1 2\tt&&j3xm<Dm 

AP. 1 3tt^ffit£#X^CQift*tfiL]if?L. 14H->U 
P^x-A, 4 1«fl8A^A'K 4 

k 4 3\zm&uih^tn^nm?* 10 
[0049] 0 3tc*^r. mmtfxu. mm 

VmflXffi 1 0*^±tr©§l|HliK^n^>o — 2r. v-'Ja 

n. *tr5aagB^;uN4 2 tc^oj&M^ntfxn^mL 

fig^n. *v>T'*etB^;n- 4 3T?a^m$nstt^ 3 20 
ia©*£ig£«T*R£sn*. &tz. ^?£t£#x# 

tt, ^Stt^X^cD^AP 1 2A>6iA3n, TASK:* 

p >Cx— a 1 4 ftiSHtT^ai^n. l37sf}—7-y<n 

£#J£LT>'UP> l 7x-Al 4CD#ffi«£^fiH4;tfX 
*«5»H2lK:«t3. ^fiS14#X^«. £(3^JS»|a#X 
fjl l*^lHlJR$nS„ &*5, *2I^UhB, MOXK 

*&wrs 30 

[0 0 5 0] ±IE^ett^fX^CDv-r 
^fc-T^Mi: ITU, fO)SSiOS0 4, m 5 CD =k fete 

[0 0 5 1 ] H4«|^WS!Rf§iyx*;U«:fflV^-&«^©T 
ffitt^JXi?0Dv^>7-SST$»^T< B2®y^MB# 
CQJg®(;:l£ST£. 77Xt^/X(1 #XBfc*/iiLP5 

^tc^^^^xfSj i o^sspmsns. * 

ftTS^ffitt^X#(Di^^ttJb»?Ll 3*^i»t*a$ 40 

[0 0 5 2] EI5«¥ff¥1S^fiRyX^S:ffl^^>*-& 
CD^R£tt#X^<£>v-*' , 7— atT*oT, EI3<75yX'JU 

±CrtH*a^«10A»6»tli3n5. 

s/t. Tf£i4^x^«. ^ffitt^/x^ro^r v-mmiz 
n, ^tc^^s^^xffii i ^ £ti£o 

[0 0 5 3 ] *mWlZ$>^T. ^XYtyU^/^i 50 
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-/\£<D&teffimmw^m&xxm<Dnwn.izmznT 

[0 0 5 4] a6ffl»ll:*UT. ^fiH£#X^T-iSfc 

->U 3>£x— AOTjRjgtntfy h2 0£ffll^.5£J&(D«B 
iBA*3 \ mS^<nrz*b<n : i/'r yf— 3 2 ^HlAfc^fg 
tt^fX#C0^§§3 0 13. ±fe<75X > 5X'-7i->Un>^x 

H6fc*l>T. ^FfStt^X#ro^g§3 0 (C 

^En*ifi)ic^fiitt^x^*^ii#^$-&sfc*it-e^ 
^•XP7-»a«Tct<, ^fett^x^»$i§3 o e 

i£tt^^#©*«rtf:««ftUfcBI»*»aiTtt, X-Y 
- z »isixt^7X7*A y xjv» 6 tea ft* 

4{£Pfci*tfW\ »<ta*il*»«S-B:*. 

A 1 4(i. flgjtD#-y h 2 0 tC=kD«6ttSA^3 1 fr\Z$> 
S*tyK2 1)6»6lHl/Ansn5. ftfc&stiK 
*®rit«W»fiiJi>'r 2«:ffibTf±iLAn$*l 

^ ut> /xjW6tmt —^(ommiz^ta 
l □ / x^ * #-r * © mwmnw z » ntt t> «o 

[0 0 5 5] ^bl:, H#R«#A«*X*taiL.PyX 

t. mM\zmE£Wtofflm^nmwwifim>z.-Tz>3i-c^ 
mttm*?T?tz'&, ^x^*thLP/xMu*->u 3>«i7 
x - a a? s (c^bj £ « -a y x' 'Atewmmm & mt z> x ^ 

[0 0 5 6] H7('43^T, SQ.l!;tfX : £/XMM*:6 
Al/77X'Y$y'J n >>^x— A 1 4 _t K: n*C * -5 3£ 

^e»*B# C « A (DHWTW® V . b 
^tv'j3>"^x-A 1 4«ffiOg?<ba*^&fl^fiKT^ 

«7-h* i o&mvzziziz&K), mmtfx<nffim.*rr 

o^i^'T*. JSiiPzHu/ h 2 0 &MWCt2> Z. 

<h(Cd;0. r7x— y\*-fe-y h 2 l^bv'J P>'5'x— /\ 
1 4C0tiSL-Atl*fT^V «&*#Jt£->'J P>f>x— AJ:iZ 

mtmmwkMf&*'no z. t^T-^Sc ±ssyx;u#:#^ 
yx;w*=*»§iT4fci&«)x-Y-z»»Ka 

0 6 iX^b^^«14^XT^Ac$tlfc^gg3 0 (^JRM-T 

3<r tfc-e^o 
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[0 0 5 7] #SEW©AWX«#&ffl^)fc*»BEtt*T 

a. Ajuxn&gc, «je, vrnwrnttw?*- 

[0 0 5 8] *56MO»ft3*Sft*tO»ift*tett. I CE 

Mf-fXyiz-OX-fyfiflf, -5- 10 

[0 0 5 9] 

[0 0 6 0] £ ffiffl 1 
1213 tifgl^I^T, ->U3>!)i-/\ (2 0 0m 
m«f>) ±{rS i O, m&M&LLfz, W-ftWS&ttom&R 

•y N[SRS2mm, -> U n >tfx— A£T<Z>a58fl£ 6 mm 
tU vU 3>^x-ACD&lbjI*£ 1 0mra/»tl 

[0 0 6 1 ] MffltfXchLT, K*3 0 %t7)V3>7 

3^01 (a) \z^-r/iA7,mm. n)vxiL±.ttv/ 

ftTrtifl mm. 5 u s . «E2 0kV(7)5EPJPL„ 95k 
Pa TT*«2sii\ ^7XVi£58t$t, 2 

0 O'CfCiHSLfev-'J 3>^x-AtP>C^#tt, ^i- 

A£$aai,fc. TOtt^xti/Ttt. &**ffl^fc. 30 

[0 0 6 2 ] fl&gfgCDvU 3>>i7x— A±Kte. 50n 
mCOS i0 2 BtJWBriSSn. Mi, 2 0^T^7L 
fee ffllffi&ESCAT«^L-fci'5. £ffiWC:^£ 
7j|6]T\ 5 0 nmif, S i : 0= 1 : 2 tfcoT^ 
Tz. 

[0063] ttmm i 

* i o o or. 2 o#ra, mmmLrmmmitzn-o 

tz* mm&Oi/V AStHKte, 20nmfflS 

1 0 2 IK^^^tlTVife. 40 
[0 0 6 4] Jttfc0tJ 2 

13PaCDilJ^T. 2. 4 5 GH z CD 
«!?-&#£&ffiU 3%if^:9 7%7;l^>cQjg£-# 
XTtcHJSCT 1 t|BjD->U 3>tfx-A£4 0 Or, 2 
OMilt. Mft©>' l J3>"5i-A±l:H, 2 
3 nmCDS i 0 2 ^M^ntl^:. 
[0 0 6 5] 
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^ x - a om.it \z <£. & m m cd m \z «t n «r. 

HSItSlt-Ty'J ^^x-ACD^ffit^fcJliStlglcD^ 
(jKSrfTOCDT, teSTd&t^T. 8M^J&Ig£=}: 0 5a* 
^yXrAttS^t^. $Si0|6lJ:l;f4T 
^-5o £fe. *fgBflco?jffitt, ffiSTcO^ffiTTcoH 
JS^bI^T-^^CDT. ^II-f^y-fMttt, #fg?J] 

[HffiWlBW&lttfK] 

[01] *^SJCD/N°;U7,*#CO0i|*7Kt"1il±iS^llT$) 

£. 

[0 2] *mw(Dmt&mmBi£m&(Dm*7F:-TmT$> 

[0 3] *«W«5ttfta*BUgj«3g«©«**-rH"Tf» 
-5c 

[04] &%wx'm^ttm&J3xm<Di' j r v-mm$i 
[05] *mwT~m^zTm&xxm<n->vv-mmm 

gco — #J cojSffi 0 T * 5 c 

[0 6] **w<o»fl:a*i»)g^««<o«**-rH-e* 
[07] *»wo»{ba*ii(t^»K©«**'rHTft 
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(54) METHOD OF FORMING SILICON OXIDE FILM AND SYSTEM THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
of forming a silicon oxide film of good quality on 
the surface of a silicon wafer by oxidizing the 
silicon wafer at a low temperature in the 
formation of the silicon oxide film on the surface 
of the wafer in the manufacturing process of a 
semiconductor element and to provide a silicon 
oxide film manufacturing system. 
SOLUTION: In a method of forming a silicon oxide 
film and a silicon oxide film manufacturing 
system, a solid dielectric is installed on the 
counter surface of the electrode on at least one 
side of a pair of counter electrodes under the 
pressure in the vicinity of the atmospheric 
pressure, oxygen-containing gas is introduced between the pair of the counter 
electrodes to apply a pulse-shaped electric field to the gas, whereby an obtainable 
plasma is brought into contact with a silicon wafer and the silicon oxide film is formed 
on the surface of the wafer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] How to contact the plasma acquired by installing a solid dielectric in one 
[ at least ] opposed face of the electrode of the pair which counters, introducing 
oxygen content gas between the counterelectrodes of the pair concerned, and 
impressing pulse-like electric field under the pressure near the atmospheric pressure 
to a silicon wafer, and form the oxidation silicon film in a silicon wafer front face. 
[Claim 2] How to form the oxidation silicon film according to claim 1 characterized by 
oxygen content gas being what contains oxygen gas more than 4 volume %. 
[Claim 3] The approach a pulse standup and/or falling time amount form the 
oxidation silicon film according to claim 1 or 2 characterized by pulse-like electric 
field being [ 100 or less microseconds and field strength ] 0.5 - 250 kV/cm. 
[Claim 4] The approach a frequency forms the oxidation silicon film of a publication in 
any 1 term of claims 1-3 characterized by pulse-like electric field being [ 0.5-1 00kHz 
and pulse length ] 1 - 1000 microseconds. 

[Claim 5] Formation equipment of the oxidation silicon film to the silicon wafer front 
face characterized by coming to have the device which introduces raw gas between 
the counterelectrode of a pair with which the solid dielectric was installed in one [ at 
least ] opposed face, and the counterelectrode of the pair concerned, the device in 
which pulse-like electric field are impressed to this inter-electrode one, and the 
device in which the plasma acquired by this pulse electric field is contacted to a 
silicon wafer. 

[Claim 6] Formation equipment of the oxidation silicon film according to claim 5 
characterized by making the device in which the plasma is contacted to a silicon 
wafer, as [ draw / the plasma generated between counterelectrodes through the 
solid dielectric which has a gas diffuser nozzle / toward a silicon wafer ]. 



[Claim 7] Formation equipment of the oxidation silicon film according to claim 5 or 6 
characterized by making the device in which the plasma is contacted to a silicon 
wafer, as [ draw / the plasma generated between counterelectrodes through the 
solid dielectric which has a gas diffuser nozzle after the pre~discharge / toward a 
silicon wafer ]. 

[Claim 8] Formation equipment of the oxidation silicon film which comes to provide 
the equipment of a publication, and a silicon wafer conveyance device in any 1 term 
of claims 5-7. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention oxidizes a silicon wafer front face by the 
ordinary pressure plasma method, and relates to the approach of forming the 
oxidation silicon film in a silicon wafer front face, and its equipment. 
[0002] 

[Description of the Prior Art] Usually, as a general configuration of a semiconductor 
device, it consists of a gate electrode, gate dielectric film, a silicone film, a source 
insulator, the drain insulator layer, the source electrode, a drain electrode, a 
passivation membrane (protective coat), etc. on the substrate. Here, as a base 
material, as an electrode, it consists of a glass substrate or a wafer substrate, and it 
consists of a metal or metallic compounds, such as aluminum and Cu, etc., and as a 
layer insulation object containing a passivation membrane, it consists of oxidation 
silicon, silicon nitride, silicon carbide, etc., and consists of an ingredient which doped 
P, B, As, germanium, etc. to Si single crystal layer, an a~Si layer, and a~Si as a silicon 
layer. 

[0003] It can be said that manufacture of a semiconductor device combines these 
above-mentioned ingredients according to a demand function, and it mainly consists 
of combination of the repeat process of heat treatment although it is manufactured. 
The furnace is mainly used widely and, especially as for the heat treatment process 
in a VLSI production process, formation of the thermal oxidation film is mentioned as 
one of the most important techniques in a heat treatment process, it is the zero of 
manufacture of VLSI that this thermal oxidation film can be formed in homogeneity 
for high quality — until — it says. 

[0004] In case various processings are performed by the repeat of heat treatment, 
when it must bear a base material at the heat cycle and is going to make it not 



change the processing result till then by subsequent heat treatment, if possible, 
temperature must be lowered and must stop however, having to reduce the 
effectiveness of such a kind of thermal shock inevitably. 

[0005] The process acting as the failure of current and the formation of total low 
temperature is mainly an oxidation process of silicon, current — as the low 
temperature-ized technique replaced with mainstream thermal oxidation of about 
1000 degrees C — PECVD — although law, the spatter, the solution layer depositing 
method, etc. are developed, it has the fault that the interface property of silicon and 
an oxide film is not excellent. Moreover, although the approach of oxidizing a silicon 
front face by ozone gas, the approach of exciting active oxygen by ultraviolet 
radiation and oxidizing, the approach of exciting active oxygen by the plasma and 
oxidizing, etc. are developed, it has the fault that the interface property of too good 
silicon and an oxide film is not acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] In view of the above-mentioned problem, 
in formation of the oxidation silicon film on the silicon wafer front face in the 
production process of a semiconductor device, this invention oxidizes a silicon wafer 
at low temperature, and aims at offering the approach of forming the good oxidation 
silicon film in a silicon wafer front face, and its equipment. 
[0007] 

[Means for Solving the Problem] this invention persons completed a header and this 
invention for the ability of the good oxidation silicon film to be formed in a silicon 
wafer front face simple under low temperature by using the ordinary pressure plasma 
method the discharge condition stabilized under atmospheric pressure conditions is 
realizable, as a result of inquiring wholeheartedly that the above-mentioned technical 
problem should be solved. 

[0008] That is, invention of the 1st of this invention is the approach of contacting the 
plasma acquired by installing a solid dielectric in one [ at least ] opposed face of the 
electrode of the pair which counters, introducing oxygen content gas between the 
counterelectrodes of the pair concerned, and impressing pulse-like electric field 
under the pressure near the atmospheric pressure to a silicon wafer, and forming the 
oxidation silicon film in a silicon wafer front face. 

[0009] Moreover, invention of the 2nd of this invention is the approach of forming the 
oxidation silicon film of a publication in the 1st invention to which oxygen content gas 
considers containing oxygen gas more than 4 volume % as the description. 
[0010] Moreover, the pulse-like electric field of invention of the 3rd of this invention 



are the approaches a pulse standup and/or falling time amount form the oxidation 
silicon film of a publication in invention of the 1st characterized by field strength 
being 0.5 - 250 kV/cm 100 or less microseconds, or 2. 

[001 1] Moreover, the pulse-like electric field of invention of the 4th of this invention 
are the approaches a frequency forms the oxidation silicon film of a publication in the 
1-3rd ones which are characterized by 0.5-100kHz and pulse length being 1 - 1000 
microseconds of invention. 

[0012] Moreover, it is formation equipment of the oxidation silicon film to the silicon 
wafer front face characterized by invention of the 5th of this invention coming to 
have the device which introduces raw gas between the counterelectrode of a pair 
with which the solid dielectric was installed in one [ at least ] opposed face, and the 
counterelectrode of the pair concerned, the device in which pulse-like electric field 
are impressed to this inter-electrode one, and the device in which the plasma 
acquired by this pulse electric field is contacted to a silicon wafer. 
[0013] Moreover, invention of the 6th of this invention is formation equipment of the 
oxidation silicon film given in the 5th invention characterized by making the device in 
which the plasma is contacted to a silicon wafer, as [ draw / the plasma generated 
between counterelectrodes through the solid dielectric which has a gas diffuser 
nozzle / toward a silicon wafer ]. 

[0014] Moreover, invention of the 7th of this invention is formation equipment of the 
oxidation silicon film given in invention of the 5th or 6 characterized by making the 
device in which the plasma is contacted to a silicon wafer, as [ draw / the plasma 
generated between counterelectrodes through the solid dielectric which has a gas 
diffuser nozzle after the pre-discharge / toward a silicon wafer ]. 
[0015] Moreover, invention of the 8th of this invention is formation equipment of the 
oxidation silicon film which comes to provide the equipment of a publication, and a 
silicon wafer conveyance device in the 5~7th ones of invention. 
[0016] 

[Embodiment of the Invention] This invention is the approach and equipment which 
form the oxidation silicon film in the silicon wafer front face for semiconductor 
devices by the ordinary pressure plasma method. Under the pressure near the 
atmospheric pressure By installing a solid dielectric in one [ at least ] opposed face 
of the electrode of the pair which counters, introducing raw gas between the 
counterelectrodes of the pair concerned, and impressing pulse-like electric field to 
inter-electrode [ concerned ] It is the approach of contacting the plasma of this gas 
obtained to a silicon wafer, and forming the oxidation silicon film on a silicon wafer. 



Hereafter, this invention is explained to a detail. 

[0017] The bottom of the pressure near [ above-mentioned ] the atmospheric 
pressure points out the bottom of the pressure of 1.333x104 to 1 0.664x1 04Pa. 
Especially, pressure regulation is easy and the range of 9.331x104 to 1 0.397x1 04Pa 
where equipment becomes simple is desirable. 

[0018] As raw gas in formation of the oxidization silicon film of this invention, in order 
to advance scaling, the gas made to generate an oxygen radical is used. As a radical 
which contributes to oxidation reaction, an oxygen molecule, an excitation oxygen 
molecule, oxygen molecular ion, an oxygen atom, oxygen atom ion, an excitation 
ozone molecule, ozone molecular ion, etc. are mentioned, for example. As these 
generation sources, a carbon monoxide, a carbon dioxide, air, a steam, etc. can be 
used other than oxygen that what is necessary is just oxygenated gas. If the gas 
containing the above oxygen is introduced into the plasma, it is effective in especially 
scaling. 

[0019] It is desirable, and the gas by which the raw gas of this invention makes 
oxygen desirable 4-30 volume % content more than 4 volume % can generate the 
plasma of high density by that cause, and becomes possible [ performing high-speed 
processing ]. The high-concentration oxygen plasma is not realized as oxygen is 
under 4 volume %. Even if oxygen exceeds 30 volume %, processing is possible, but 
since it hardly changes, effectiveness is good to use the dilution gas following in the 
field of economical efficiency, handling nature, and safety. 

[0020] As the above-mentioned dilution gas, an argon, neon, a xenon, helium, 
nitrogen, dry air (the oxygen content in the case of using air is a value also including 
the oxygen in air.), etc. can be used, and these may be independent, or may mix and 
use two or more sorts. When the balance of a treatment effect, economical efficiency, 
or handling nature is taken into consideration, the raw gas which consists of oxygen, 
an argon and nitrogen, or air is desirable. 

[0021] Although processing under existence of helium has been conventionally 
performed to the bottom of the pressure near the atmospheric pressure, according 
to the approach of impressing the electric field by which this invention was 
pulse-ized, it compares with helium and the stable processing in cheap nitrogen and 
an argon is possible. 

[0022] As the above-mentioned electrode, what consists of alloys, such as metal 
simple substances, such as copper and aluminum, stainless steel, and brass, an 
intermetallic compound, etc. is mentioned. It is as a configuration of an electrode. 
Although not limited, in order to avoid generating of the arc discharge by 



electric-field concentration, it is desirable that it is the structure where the distance 
between counterelectrodes becomes fixed. As electrode structure of fulfilling this 
condition, an parallel monotonous mold, a cylinder opposite monotonous mold, a ball 
opposite monotonous mold, a hyperbolic facing flat plate mold, coaxial-circles 
telescopic structure, etc. are mentioned, for example. 

[0023] Moreover, except abbreviation fixed structure, since the degree of the 
electric-field concentration from which what has big cylinder curvature causes arc 
discharge by cylinder opposite cylindrical is small, it can use as a counterelectrode. 
The radius of curvature of 20mm or more is desirable at least. Although based also on 
the dielectric constant of a solid dielectric, in the curvature not more than it, it is 
easy to concentrate the arc discharge by electric-field concentration. With [ each 
curvature ] this [ more than ], the curvatures of the electrode which counters may 
differ. Since the discharge stabilized more is obtained in order to approach 
monotonously in approximation so that it is large, curvature is 40mm or more in 
radius more preferably. 

[0024] Furthermore, that, as for the electrode made to generate the plasma, the solid 
dielectric should just be arranged among pairs at least at one side, the electrode of a 
pair may counter, where a suitable distance which does not result in a short circuit is 
opened, and it may intersect perpendicularly. 

[0025] The above-mentioned solid dielectric is installed in one side or the both sides 
of an opposed face of an electrode. Under the present circumstances, it is desirable 
for a solid dielectric and the near electrode installed to stick, and to cover the 
opposed face of the touching electrode completely. When there is a part where 
electrodes counter directly, without being covered with a solid dielectric, it is easy to 
produce arc discharge from there. 

[0026] The shape of the shape of a sheet and a film has as the configuration of the 
above-mentioned solid dielectric, and it is desirable that thickness is 0.01 -4mm. 
When the high voltage may be taken to generate the discharge plasma if too thick and 
it is too thin, dielectric breakdown may happen at the time of 
electrical-potential-difference impression, and arc discharge may occur. Moreover, 
the thing of a container mold can also be used as a configuration of a solid dielectric. 
[0027] As the quality of the material of a solid dielectric, multiple oxides, such as 
metallic oxides, such as plastics, such as polytetrafluoroethylene and polyethylene 
terephthalate, glass, a silicon dioxide, an aluminum oxide, a zirconium dioxide, and a 
titanium dioxide, and barium titanate, these double-stratified things are mentioned, 
for example. 



[0028] As for especially a solid dielectric, it is desirable that specific inductive 
capacity is two (it is the same the bottom of 25-degree-C environment and the 
following) or more. Specific inductive capacity can mention polytetrafluoroethylene, 
glass, a metal oxide film, etc. as an example of two or more dielectrics. In order to be 
stabilized and to generate the discharge plasma of high density furthermore, specific 
inductive capacity of things is desirable using ten or more fixed dielectrics. Although 
especially the upper limit of specific inductive capacity is not limited, about 18,500 
thing is known for the actual ingredient. It is desirable for specific inductive capacity 
to consist of a metal mill scale mixed with 5-50 % of the weight of oxidization 
titanium and 50 - 95 % of the weight of aluminum oxides, for example or a metal mill 
scale containing a zirconium dioxide as ten or more solid dielectrics, and to use that 
whose thickness of the coat is 10-1000 micrometers. 

[0029] Although the above-mentioned inter-electrode distance is suitably 
determined in consideration of the purpose using the thickness of a solid dielectric, 
the magnitude of applied voltage, and the plasma etc., it is desirable that it is 1-50mm. 
Less than 1mm is not sometimes enough to keep and install inter-electrode spacing. 
If it exceeds 50mm, it will be hard to generate the uniform discharge plasma. 
[0030] The pulse electric field of this invention are explained. The example of a pulse 
voltage waveform is shown in drawing 1 . Wave (a) and (b) are [ a pulse mold and wave 
(d) of an impulse mold and wave (c) ] the waves of a modulation mold. Although 
electrical-potential-difference impression mentioned what is the repeat of 
positive/negative to drawing 1 , the pulse of the type which impresses an electrical 
potential difference to a forward or negative polarities [ one of ] side may be used. 
Moreover, the pulse electric field superimposed on the direct current may be 
impressed. The wave of the pulse electric field in this invention is not limited to the 
wave mentioned here, but may become irregular further using pulse shape, build up 
time, and the pulse from which a frequency differs. It is suitable for the above 
modulations performing high-speed continuation surface treatment. 
[0031] The standup and/or falling time amount of the above-mentioned pulse 
electric field have 100 or less desirable microseconds. If it exceeds 100 
microseconds, a discharge condition will become being easy to shift to an arc 
unstable, and it will be hard coming to hold the high density plasma state by pulse 
electric field. Moreover, although ionization of the gas in the case of plasma 
generating is efficiently performed so that build up time and falling time amount are 
short, it is difficult to realize the pulse electric field of the build up time for less than 
40ns in fact. It is 50ns - 5 microseconds more preferably. In addition, as for the time 



amount whose electrical-potential-difference change is forward continuously, and 
falling time amount, as for build up time here, electrical-potential-difference change 
shall point out the time amount which is negative continuously. 

[0032] Moreover, the steep thing of the falling time amount of pulse electric field is 
also desirable, and it is desirable that it is the same time scale for 100 or less 
microseconds as build up time. Although it changes also with pulse electric-field 
generating techniques, what falls with build up time and can be set as the time 
amount with the same time amount is desirable. 

[0033] As for the field strength of the above-mentioned pulse electric field, it is 
desirable to make it become 0.5 - 250 kV/cm. Processing takes time amount too 
much as field strength is less than 0.5 kV/cm, and if 250 kV/cm is exceeded, it will 
become easy to generate arc discharge. 

[0034] As for the frequency of the above-mentioned pulse electric field, it is 
desirable that it is 0.5-1 00kHz. Since the plasma consistency is low, processing 
takes time amount too much, as it is less than 0.5kHz, and if it exceeds 100kHz, it will 
become easy to generate arc discharge. More preferably, it is 1 -100kHz and 
processing speed can be greatly raised by impressing the pulse electric field of such 
high frequency. 

[0035] Moreover, as for one pulse length in the above-mentioned pulse electric field, 
it is desirable that it is 1 - 1000 microseconds. Discharge becomes being less than 1 
microsecond with an unstable thing, and if it exceeds 1000 microseconds, it will 
become easy to shift to arc discharge. It is 3 - 200 microseconds more preferably. 
Here, although one pulse length has shown the example in drawing 1 , it means ON 
time amount in the pulse electric field which consist of a repeat of ON and OFF 
which one pulse follows. 

[0036] The processing ingredient of this invention is a silicon wafer, and as for 
formation of the oxidation silicon film by the plasma treatment of this invention, it is 
desirable to make silicon wafer temperature into 200-400 degrees C, and it is 
200-300 degrees C more preferably. 

[0037] A silicon wafer is arranged in the discharge space of the plasma which 
generates the plasma as a means to make a silicon wafer contact, in inter-electrode 
[ which carries out (1) opposite ], for example, and there are a method of contacting 
the plasma to a silicon wafer and a method (remote mold) of contacting it toward the 
silicon wafer arranged outside discharge space, as the plasma generated in 
inter-electrode [ which carries out (2) opposite ] is drawn. 

[0038] As the concrete approach of the above (1), a silicon wafer is arranged to the 



parallel monotonous mold inter-electrode covered with the solid dielectric. Are the 
approach of making the plasma contacting and the up electrode which has many 
holes is used. The approach of processing with the shower-like plasma, the method 
of making it run SHIRIKOUFEHA, and the container-like solid dielectric that has a 
diffuser nozzle in one electrode are prepared, and the approach of spraying on the 
silicon wafer which has arranged the plasma on other electrodes from this nozzle etc. 
is mentioned. 

[0039] Moreover, as the concrete approach of the above (2), a solid dielectric is 
extended, the plasma induction nozzle is formed, the approach of spraying towards 
the silicon wafer arranged outside discharge space etc. is mentioned, and the 
combination of an parallel monotonous mold electrode, a long mold nozzle and a 
coaxial-circles telescopic electrode, and a cylindrical nozzle can be used. In addition, 
the quality of the material at the tip of a nozzle does not necessarily need to be the 
above-mentioned solid dielectric, and a metal etc. is sufficient as it as long as it has 
taken the above-mentioned electrode and the insulation. 

[0040] since it can be rare to expose a silicon wafer to direct high density plasma 
space , it can carry the gas of the plasma state only to the part make into the 
purpose of a silicon wafer front face and can form an oxidation silicon film , the 
method of spray the plasma which let the solid dielectric which have a gas diffuser 
nozzle pass , and be generated between counterelectrodes also in these on a silicon 
wafer be a desirable approach by which the electric thermal burden to a silicon wafer 
be mitigated . 

[0041] In formation of the oxidation silicon film by the plasma treatment of this 
invention, it is good to perform a pre-discharge and to make a processed base 
material contact after that until discharge is stabilized from immediately after 
generating of the plasma for the improvement in membraneous. 

[0042] That a silicon wafer and an oxide film contact the moist air in atmospheric air, 
and other impurities in moreover, the semantics to prevent It can process in an inert 
gas ambient atmosphere. For this reason It adds to the equipment which the 
above-mentioned plasma is contacted to a silicon wafer, and forms the oxidation 
silicon film. Any one or more sorts of gas chosen from an inert gas ambient 
atmosphere and the group which consists of nitrogen, an argon, helium, neon, a xenon, 
and dry air especially near the contact section of the plasma and a silicon wafer ("it 
is called inert gas etc." hereafter.) The equipment which added the device to 
maintain can be used. 

[0043] In this invention, the device in which it processes in the container filled with 



the gas curtain device by inert gas etc., inert gas, etc. as a device which maintains at 
ambient atmospheres, such as inert gas, near the contact section of the plasma and 
a silicon wafer etc. is mentioned. 

[0044] Moreover, as a means to convey a silicon wafer, conveyance systems, such as 
a conveyance conveyor and a carrier robot, can be used. 

[0045] It can maintain at an inert gas ambient atmosphere near the contact section 
of the plasma and a silicon wafer by having a flueing device to the perimeter near the 
contact section of the plasma and a silicon wafer, and having a gas curtain device by 
inert gas to the perimeter as a gas curtain device by the above-mentioned inert gas. 
[0046] The approach and equipment of this invention are explained concretely by a 
diagram. Drawing 2 is equipment which maintains at ambient atmospheres, such as 
inert gas, near the contact section of the plasma and a silicon wafer according to a 
gas-curtain device using a coaxial-type cylinder nozzle, and is drawing showing an 
example of the equipment which sprays the plasma on a silicon wafer using the 
equipment which added shower functions, such as inert gas which has a flueing 
device around this contact section, and arranged the gas-curtain device in the 
perimeter of this flueing device further, and equipment equipped with the conveyance 
device of a silicon wafer, drawing 2 — setting — 1 — a power source, the nozzle 
object with which in a ground electrode and 3 a solid dielectric and 5 have a gas 
diffuser and, as for 6, an inside electrode and 4 have [ 2 ] a coaxial-type cylinder 
nozzle, and 7 — a raw gas inlet and 10 — an inner circumference exhaust gas 
cylinder and 11 — a periphery exhaust gas cylinder and 12 — in a silicon wafer and 
41, a carrying-in belt and 42 express a processing section belt, and 43 expresses 
[ inlets, such as inert gas, and 13 / blowdown pores, such as inert gas, and 14 ] a 
taking-out belt, respectively. 

[0047] For example, raw gas is introduced in the direction of a void arrow head in a 
tubed solid dielectric container from a gas inlet 7, by impressing pulse-like electric 
field between the electrode 2 arranged on the outside of a tubed solid dielectric 
container, and the inside electrode 3 arranged inside a tubed solid dielectric 
container, it blows off from a diffuser 5 as plasma gas, and suction recovery is mainly 
carried out from the inner circumference exhaust gas cylinder 10. On the other hand, 
the silicon wafer 14 is carried with the carrying-in belt 41 at first, then, is conveyed 
with the processing section belt 42, and the plasma gas from a gas diffuser is sprayed, 
the oxidization silicon film is formed, and it is conveyed through the conveyance 
process of three processes of subsequently being carried out by the taking-out belt 
43. Moreover, inert gas etc. is introduced from the inlets 12, such as inert gas, blows 



off towards the silicon wafer 14 conveyed from the blowdown pores 13, such as inert 
gas in the lower part, carries out the role of gas curtain, and maintains the ambient 
atmosphere of the silicon wafer 14 at ambient atmospheres, such as inert gas. Inert 
gas etc. is mainly collected from the periphery exhaust gas cylinder 1 1. In addition, a 
conveyance belt becomes controllable [ formation thickness ] by using what can 
adjust delivery speed to arbitration. Furthermore, to a processing section belt, what 
has a heating device is desirable. 

[0048] Drawing 3 is equipment which maintains at ambient atmospheres, such as 
inert gas, near the contact section of the plasma and a silicon wafer according to a 
gas curtain device using an parallel monotonous mold long nozzle. It has a flueing 
device around this contact section. It is drawing showing an example of the 
equipment which sprays the plasma on a silicon wafer using the equipment which 
added shower functions, such as inert gas which furthermore arranged the gas 
curtain device in the perimeter of this flueing device, and equipment equipped with 
the conveyance device of a silicon wafer. 1 — a power source and 2 — an electrode 
and 3 — an electrode and 4 — a solid dielectric and 5 — a gas diffuser and 7 — a 
raw gas inlet and 10 — an inner circumference exhaust gas cylinder and 11 — a 
periphery exhaust gas cylinder and 12 — in a silicon wafer and 41, a carrying-in belt 
and 42 express a processing section belt, and 43 expresses [ inlets, such as inert gas, 
and 13 / blowdown pores, such as inert gas, and 14 ] a taking-out belt, respectively. 
[0049] In drawing 3 , raw gas is introduced in the direction of a void arrow head in a 
box-like solid dielectric container from a gas inlet 7, by impressing pulse electric field 
among the electrodes 2 and 3 arranged on the outside of a box-like solid dielectric 
container, it blows off from a diffuser 5 as plasma gas, and suction recovery is mainly 
carried out from the inner circumference exhaust gas cylinder 10. On the other hand, 
the silicon wafer 14 is carried with the carrying-in belt 41 at first, then, is conveyed 
with the processing section belt 42, and the plasma gas from a gas diffuser is sprayed, 
the oxidization silicon film is formed, and it is conveyed through the conveyance 
process of three processes of subsequently being carried out by the taking-out belt 
43. Moreover, inert gas etc. is introduced from the inlets 12, such as inert gas, blows 
off towards the silicon wafer 14 conveyed from the blowdown pores 13, such as inert 
gas in the lower part, carries out the role of gas curtain, and maintains the ambient 
atmosphere of the silicon wafer 14 at ambient atmospheres, such as inert gas. Inert 
gas etc. is mainly collected from the periphery exhaust gas cylinder 1 1. In addition, a 
conveyance belt becomes controllable [ formation thickness ] by using what can 
adjust delivery speed to arbitration. To a processing section belt, what has a heating 



device is still more desirable. 

[0050] In addition, as equipment which achieves shower functions, such as the 
above-mentioned inert gas, that by which the base is made like drawing 4 and 
drawing 5 is desirable. 

[0051] Drawing 4 is shower baths, such as inert gas in the case of using a 
coaxial-type cylinder nozzle, and corresponds to the base of the nozzle part of 
drawing 2 . After plasma gas blows off from the gas diffuser 5 and forms the oxidation 
silicon film in a silicon wafer, it is mainly discharged from the inner circumference 
exhaust gas cylinder 10. Moreover, inert gas etc. blows off from the blowdown pores 
13, such as inert gas which exists in shower fields, such as inert gas, and is mainly 
discharged from the periphery exhaust gas cylinder 1 1. 

[0052] Drawing 5 is shower baths, such as inert gas in the case of using an parallel 
monotonous mold long nozzle, and corresponds to the base of the nozzle part of 
drawing 3 . After plasma gas blows off from the gas diffuser 5 and forms the oxidation 
silicon film in a silicon wafer, it is mainly discharged from the inner circumference 
exhaust gas cylinder 10. Moreover, inert gas etc. blows off from the blowdown pores 
13, such as inert gas which exists in shower fields, such as inert gas, and is mainly 
discharged from the periphery exhaust gas cylinder 1 1. 

[0053] In this invention, the equipment shown in drawing 6 can be mentioned as an 
approach of processing in the container filled with inert gas etc. as a device in which 
it is maintained at ambient atmospheres, such as inert gas, near the contact section 
of the plasma and a silicon wafer. 

[0054] In the equipment of drawing 6 , the oxidation silicon film is formed in the 
container 30 filled with inert gas etc. For example, it is desirable to use the 
equipment which contained the principal part near the contact section of the 
above-mentioned plasma and a silicon wafer for the containers 30, such as inert gas 
equipped with the taking-out entrance into a room 31 for using the carrier robot 20 
of a silicon wafer and the shutter 32 for it. the firm gas of the inert gas etc. is made 
to carry out in the direction of an arrow head to the containers 30, such as inert gas, 
in drawing 6 — sufficient — airtightness is unnecessary, the vacuum pump is 
unnecessary, and it is good at an easy blower mold fan, and the pressure resistance 
of container 30 the very thing, such as inert gas, is unnecessary, and good at an easy 
chamber. Raw gas is made to introduce into the plasma gas-nozzle object 6 equipped 
with the X-Y-Z migration device from a void arrow head, the silicon wafer 14 is 
sprayed, and the oxidation silicon film is made to form with the film formation 
equipment contained in containers, such as inert gas. Moreover, exhaust gas is 



exhausted from the exhaust gas cylinder 10. Moreover, the silicon wafer 14 is taken 
in and out of the cassette 21 which is in the taking-out entrance into a room 31 with 
a carrier robot 20. Moreover, the product after forming the oxidation silicon film is 
taken in and out through a shutter 32. They are what prepared the solid dielectric of 
the shape of a container which has a diffuser nozzle in one electrode as a nozzle 
object 6 here ( detail drawing 2 ), the thing ( detail drawing 3 ) which prepared the 
parallel monotonous mold long nozzle. 

[0055] Furthermore, after performing a pre-discharge until a discharge condition is 
stabilized from electrical-potential-difference impression initiation in an electrode, 
when a solid dielectric uses the gun mold plasma generator which has a gas diffuser 
nozzle, generating of a defective is suppressed by using the plasma developmental 
mechanics which has the nozzle object standby device in which a gas diffuser nozzle 
is moved to a silicon wafer front face. The outline of the equipment is shown in 
drawing 7 . 

[0056] Although it is equipment which introduces raw gas into the nozzle object 6, 
and sprays the plasma on the silicon wafer 14 in drawing 7 , it is made to move to the 
part B which should form the oxidation silicon film of silicon wafer 14 front face, and 
the nozzle object 6 starts formation of the oxidation silicon film, after standing by in 
the location of A at the time of a pre-discharge until a discharge condition is 
stabilized and stabilizing a discharge condition. Moreover, in this equipment, by 
forming the ring-like hood 10 which surround susceptor 15, raw gas can be exhausted, 
further, by putting a carrier robot 20 side by side, the silicon wafer 14 can be taken in 
and out of the wafer cassette 21, and oxidation silicon film formation can be 
efficiently performed on a silicon wafer. The above-mentioned nozzle object standby 
device can be used together with the X-Y-Z migration equipment for carrying out the 
sweep of the nozzle object. Moreover, it can also contain in the container 30 filled 
with the inert gas which showed the equipment of this drawing 7 to above-mentioned 
drawing 6 . 

[0057] By atmospheric pressure discharge using the pulse electric field of this 
invention, it is not dependent on a type of gas at all, and it is possible to produce and 
cheat out of discharge under direct atmospheric pressure in inter-electrode, and 
high-speed processing can be realized under low temperature by the atmospheric 
pressure plasma equipment by the electrode structure and the discharge procedure 
which were simplified more, and the processing technique. Moreover, parameters, 
such as a pulse frequency, an electrical potential difference, and an electrode 
spacing, can also adjust the parameter about formation of the oxidation silicon film. 



[0058] The manufacture approach of the oxidization silicon film of this invention is 
applicable also to manufacture of other semiconductor devices, such as a switching 
device of IC circuit, a solar battery, and a liquid crystal display. 
[0059] 

[Example] Although this invention is further explained to a detail based on an 
example, this invention is not limited only to these examples. 

[0060] Si02 film was formed on the silicon wafer (200mmphi) using the equipment 
shown in example 1 drawing 3 . Thermal spraying of the solid dielectric 4 made from 
an alumina was carried out to the electrodes 2 and 3 made from aluminum, and the 
parallel monotonous opposed type long nozzle set slit spacing of 2mm of a plasma 
diffuser, and distance to a silicon wafer to 6mm, and considered passing speed of a 
silicon wafer as a part for 10mm/. 

[0061] Impress that [ with the pulse shape which introduces 30% / of oxygen /, and 
argon 70% mixed gas from a gas inlet 7, and shows them to drawing 1 (a) between an 
electrode 2 and 3 as raw gas, 5 microseconds / of the pulse start / fall rates /, and 
an electrical potential difference of 20kV ], it was made to discharge under 95kPa 
(atmospheric pressure), the plasma was generated, the silicon wafer adjusted to 200 
degrees C was sprayed, and the wafer was processed. Nitrogen was used as inert gas. 
[0062] Si02 50nm film was formed on the silicon wafer after processing, and 
processing was completed in 20 minutes. When the processing side was observed by 
ESCA, it had become Si:0=1:2 to 50nm in the depth direction extensively. 
[0063] Using the example of comparison 1 thermal-oxidation furnace, 1000 degrees 
C of the same silicon wafers as an example 1 were heat-treated for 20 minutes, and 
scaling was performed. Si02 20nm film was formed in the silicon wafer front face 
after processing. 

[0064] Using example of comparison 2 vacuum devices, 2.45GHz electric-field 
conditions were used under the 13Pa environment, and the 400 degrees C of the 
same silicon wafers as an example 1 were processed for 20 minutes under the mixed 
gas of 3% oxygen and 97% argon. Si02 23nm film was formed on the silicon wafer after 
processing. 
[0065] 

[Effect of the Invention] Since according to the formation approach of the silicon 
oxide film by oxidation of the silicon wafer which impresses the pulse electric field of 
this invention the plasma of raw gas is contacted to a silicon wafer and the oxidation 
silicon film is formed in the front face of a silicon wafer near the atmospheric 
pressure, a film formation process can be used as a more efficient system under low 



temperature, and it can contribute to the improvement in the yield. Moreover, since 
the operation under the atmospheric pressure under low temperature is possible for 
the approach of this invention, it can carry out [ in-line ]-izing easily, and can 
prevent the rate fall of the whole down stream processing by using the approach of 
this invention. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the electrical-potential-difference wave form chart showing the 
example of the pulse electric field of this invention. 

[Drawing 2] It is drawing showing the example of the oxidation silicon film formation 
equipment of this invention. 

[Drawing 3] It is drawing showing the example of the oxidation silicon film formation 
equipment of this invention. 

[Drawing 4] It is the bottom view of an example of shower functional equipments, 
such as inert gas used by this invention. 

[Drawing 5] It is the bottom view of an example of shower functional equipments, 
such as inert gas used by this invention. 

[Drawing 6] It is drawing showing the example of the oxidation silicon film formation 
equipment of this invention. 

[Drawing 7] It is drawing showing the example of the oxidation silicon film formation 
equipment of this invention. 
[Description of Notations] 

1 Power Source (High-Voltage Pulse Power Source) 

2 Three Electrode 

4 Solid Dielectric 

5 Gas Diffuser 

6 Nozzle Object 

7 Gas Inlet 

10 11 Exhaust gas cylinder 

12 Inlets, Such as Inert Gas 

13 Blowdown Pores, Such as Inert Gas 

14 Silicon Wafer 

15 Susceptor 

20 Carrier Robot 



21 Cassette 

22 Arm 

30 Container 

31 Taking-Out Entrance into a Room 

32 Shutter 

41 Carrying-in Belt 

42 Processing Section Belt 

43 Taking-Out Belt 

DRAWINGS 



[Drawing 1] 





[Drawing 2] 




[Drawing 3] 




14 



[Drawing 4] 




[Drawing 5] 
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[Drawing 7] 
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[Translation done.] 



